INTRODUCTION

Specific developmental phenotypes are associated with loss of individual Hoxa
cluster genes in the mouse [1] [2] [3] [4] . Interestingly, most of these Hoxa genes are expressed in hematopoietic cells, with the highest levels in primitive hematopoietic stem and progenitor cells (HSPC) and much lower levels in mature cells [5] [6] [7] [8] .
Evaluation of individual Hoxa gene mutant mice has provided only limited insight into their role in adult hematopoiesis, indicative of a level of functional redundancy of "cluster genes" in this tissue 1, 9, 10 . The Hoxa9 homozygous null mice display the most overt hematopoietic phenotype characterized by mild leucopenia resulting from bone marrow (BM) hypocellularity, particularly of myeloid and B cells. This phenotype is associated with impairment in activity, not the number, of the long-term (LT) HSCs To address this point, we now assess the impact of the complete ablation of Hoxa cluster genes in adult HSPCs and explore the consequence of this deletion on the transcriptome using RNA sequencing (RNASeq). Results definitively establish an essential function for Hoxa genes in proliferation, but not differentiation, of adult HSPCs. 
METHODS
Mice and Hoxa gene deletion
RNA isolation and RNA-Seq library preparation
Total RNA was extracted from 60,000-100,000 Hoxa -/-and control LT-HSC (CD150 + /CD48 -/LKS) and used to generate transcriptome libraries. Paired end (2 x 100 bp) sequencing was performed using an Illumina HiSeq2000 (Illumina, San Diego, CA, US). RNASeq data were analysed with CuffDiff or the DeSeq R package 14 . Comparative RNASeq transcriptome data from Hoxa -/-and control HSCs identified 881 significantly differentially expressed genes, the vast majority of which (614) were downregulated (supplementary Table S1 ). Functional annotation clustering using Gene Ontology terms revealed that differentially expressed genes were associated with cell proliferation and differentiation, cell activation, signalling, regulation of gene expression, hematopoiesis, migration and apoptosis (Table S2 ). Moreover, differentially expressed genes were associated with several pathways according to the Kyoto Encyclopedia of Genes and Genomes (KEGG), which included hematopoietic cell lineage and cancer pathways, supporting a known role for Hoxa genes in hematopoiesis and leukemia (Table S3 ).
RESULTS AND DISCUSSION
MxCre-induced conditional deletion of
Only 13 genes expressed at Reads Per Kilobase of transcript per Million mapped reads (RPKM) values >1 showed greater than 10-fold differential expression between the 2 conditions ( Figure 1E , Table S1 ). Genes downregulated in Hoxa -/-cells were mostly from the Hoxa cluster ( Figure 1E and F), but also included Nr4a3, Col1a1 and Hnf4a. Nr4a3, also known as Nor-1, codes for an orphan nuclear receptor transcription factor highly homologous to Nr4a1 (Nur77) and Nr4a2 (Nurr1). Co-deficiency of Nor-1 and Nur77 is associated with an aggressive AML 15 , while individual mutants have only weak phenotypes both related to proliferation and apoptosis 16, 17 . 
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